Objective -To assess the association between microalbuminuria with ambulatory blood pressure monitoring in normotensive individuals with insulin-dependent diabetes mellitus.
The association between diabetes mellitus and cardiovascular disease has been reported in the literature. Clinical diabetic nephropathy correlates with greater mortality rate and to the prevalence of coronary artery disease and hypertension 1 . In this context, arterial hypertension assumes great importance because its frequency in diabetes mellitus is two times higher than that in nondiabetic patients, and increases cardiovascular risk 2 . Approximately 40% of the patients with insulin-dependent diabetes mellitus develop clinical diabetic nephropathy, which is defined as a urinary excretion rate of albumin >300mg/24h 3 . Clinical diabetic nephropathy is recognized as an important cause of cardiovascular morbidity and mortality in this population 1 . Microalbuminuria, defined as a urinary excretion rate of albumin between 20 and 200 µg/min in at least 2 out of 3 nocturnal urine samples 4 , in addition to being related to the development of clinical diabetic nephropathy also has a prognostic significance from the cardiovascular point of view. The association of microalbuminuria with dyslipidemia and changes in coagulation, which are known factors involved in atherosclerosis, has been described as has its association with pressure elevation, even when within the normal limits 3, 5, 6 . Because of the importance of the detection of microalbuminuria in the insulin-dependent diabetic patient and its association with the casual elevation of blood pressure, recent studies [7] [8] [9] have shown, with the use of ambulatory blood pressure monitoring, higher pressure levels and higher pressure load in subgroups of microalbuminuric diabetic patients as compared with normoalbuminuric diabetic patients. This confirms the importance of the ambulatory blood pressure monitoring in assessing patients with incipient diabetic nephropathy.
This study aimed to assess the mean pressure values, the pressure load, and the circadian rhythm of blood pressure during its ambulatory monitoring in normotensive insulin-dependent diabetic patients, dividing them according to the presence of microalbuminuria.
Methods
Thirty-seven patients were chosen from 52 insulin-dependent diabetic patients who were previously and regularly followed up in the diabetes sector of the Hospital Pedro Ernesto of the UERJ. The mean age of the 37 patients was 26.49±6.75 years, 59.5% of them were females, and the mean duration of their diabetes was 8 (1-34) years. These 37 patients underwent determination of the urinary excretion rate of albumin and ambulatory blood pressure monitoring. The inclusion criteria were as follows: maximum age of 40 years; casual blood pressure <140/90mmHg 10 ; absence of cardiac or thyroid disease and of clinical nephropathy (urinary excretion rate of albumin >200µg/min). The patients studied had been insulin-dependent since the diagnosis, they had no symptoms of decompensation of the diabetes, and were not using any cardiovascular medication. The patients with systemic infection and other renal diseases evidenced by hematuria and abnormal urinary sediment were excluded from the study.
The patients were instructed to collect 3 samples of nocturnal urine during a period of 6 months avoiding strenuous physical activity on the day of sample collection. The urinary volume was recorded and the aliquots stored in vials at a temperature of -20° for further analysis. The albumin concentration was determined through radioimmunoassay with double antibodies (Diagnostic Products Corporation, Los Angeles, CA) 11 , and the urinary excretion rate of albumin was defined by the mean of the 3 samples. A urinary excretion rate of albumin ≥20µg/min and <200µg/min in at least 2 out of 3 urine samples was considered microalbuminuria 4 . The sensitivity of the method was 0.30µg/mL, and the intra-and interassay coefficients of variation were 2.9% and 3.5%, respectively. A search for abnormal elements in the sediment and urinary culture were carried out on the 3 occasions. The presence of urinary infection required a new urine sample to be collected after the culture was negative due to antibiotic treatment guided by the antibiogram.
The casual blood pressure was obtained by calculating the mean of 3 blood pressure measures recorded with a mercury sphygmomanometer after 5 minutes with the patient seated at rest in the 3 times the patient took the urine samples to the hospital. The Korotkoff phase V was used as the diastolic blood pressure 10 . Ambulatory blood pressure monitoring was performed with the oscillometric type of SpaceLabs 90207 units, which were totally automatic and programmed to evaluate measures at an interval of 15 minutes between 6:00 and 23:00 hours and at every 20 minutes between 23:01 and 5:59 hours. The devices were installed in the morning, and the patients were instructed to perform their usual activities during monitoring and to document the time they went to sleep and woke up. The periods of sleep and wakefulness were individually determined according to the report provided at the end of the ambulatory blood pressure monitoring. The examinations had a minimum duration of 24 hours, and they were considered valid when at least 85% of the readings were valid with valid measurements of 2 readings per hour 12, 13 . The mean values of systolic blood pressure, of diastolic blood pressure, and of heart rate were recorded in 24 hours, during wakefulness and sleep for each patient. The systolic pressure load was defined as the prevalence of recordings of the systolic blood pressure > 140mmHg during wakefulness and >120mmHg during sleep. The diastolic pressure load was defined as the prevalence of recordings of diastolic blood pressure >90mm-Hg during wakefulness and >80mmHg during sleep 12, 14, 15 . The systolic and diastolic pressure drops during sleep were individually calculated 12 . The weight and height variables were measured, and the body mass index was calculated (kg/m 2 ). Duration of the diabetes and the daily dose of insulin were also recorded.
The Student t test was used for comparing noncategorical variables if the variables had a normal distribution (Shapiro test) and a homogeneous variance (Bartlett's test). For variables without a normal distribution, the nonparametric Mann-Whitney test was used. The chi-square test and the Fisher test were used for comparing categorical variables. The correlation between numerical variables was calculated through the Spearman correlation coefficient. For statistical calculation, the following software was used: Statistical Package for the Social Science (SPSS, version 6.0) and EPI INFO (version 6.0). The values of the variables were expressed as mean ± standard deviation, and the duration of the diabetes and the pressure load were expressed as median and variation because they do not have a normal distribution. A p <0.05 was considered significant.
Results
We found 9 patients who met the criteria for microalbuminuria. The duration of the diabetes did not differ substantially between the groups (table I), and the casual systolic blood pressure was greater in the microalbuminuric diabetic patients (113.5±7.1 vs 106.4±7.9mmHg; p=0.021).
The mean pressure values during ambulatory blood pressure monitoring were higher in the microalbuminuric patients, and the systolic blood pressure during sleep sho- We observed the association of systolic pressure load >50% (4/9 vs 1/28; p=0.008) and diastolic pressure load >30% during sleep (4/9 vs 1/28; p=0.008) with the presence of microalbuminuria. In the microalbuminuric group, we observed 3 patients with both alterations, one with an increase only in the systolic pressure load, and another with an increase only in the diastolic pressure load. In the normoalbuminuric patients, we observed one patient with a systolic pressure load >50% and another with a diastolic pressure load >30%. The pressure drop did not differ between the micro-and normoalbuminuric diabetic patients, the systolic blood pressure drop being 5.1±3.5 vs 6.8±4.4%; p=0.276 and the diastolic blood pressure drop being 10.4±6.9 vs 13.5±5.5%; p=0.183. The casual systolic blood pressure showed a weak correlation with the urinary excretion rate of albumin (r S = 0.36; p=0.031). However, we observed a strong correlation between the pressure measurements obtained during ambulatory blood pressure monitoring and the urinary excretion of albumin, and the systolic blood pressure during sleep was the pressure variable that showed the best correlation (r S = 0.55; p<0.001). We also found a strong correlation between the pressure load and the urinary excretion of albumin. The value of systolic pressure load in 24 hs (r S =0.57; p<0.001) and mainly during wakefulness (r S =0.61, p<0.001) were the variables of the ambulatory blood pressure monitoring that had the strongest correlation with the urinary excretion of albumin. We found no correlation between the systolic and diastolic pressure drops and the urinary excretion of albumin. Age was another variable that showed no correlation with the variables of the ambulatory blood pressure monitoring.
Discussion
Insulin-dependent diabetic patients with microalbuminuria have been reported to have a casual blood pressure higher than that of normoalbuminuric patients [16] [17] [18] , and this is in accordance with our findings.
The main issue when analyzing the association between the elevation in blood pressure and microalbuminuria in the insulin-dependent diabetic patient is to know whether these alterations occur simultaneously and also whether the increase in blood pressure is primary or secondary to microalbuminuria. The Microalbuminuria Collaborative Study Group 18 comprising 137 normoalbuminuric insulin-dependent diabetic patients followed up for 4 years showed a higher level of glycosylated hemoglobin, of urinary excretion rate of albumin, and of casual blood pressure at the beginning of the study of patients who evolved to persistent microalbuminuria. The multiple regression analysis showed a correlation in the urinary excretion rate of albumin, the casual blood pressure, and tobacco use with the appearance of microalbuminuria, suggesting a concomitant elevation in urinary excretion of albumin and in the casual blood pressure before the appearance of microalbuminuria.
In 1982, Rubler et al 19 performed for the first time ambulatory blood pressure monitoring in diabetic patients and observed higher pressure levels at night, and they associated these alterations with the presence of autonomic neuropathy. The first works of ambulatory blood pressure monitoring in normotensive insulin-dependent diabetic patients relating the mean pressure values to the urinary excretion rate of albumin were performed at the beginning of the '90s [7] [8] [9] . Ambulatory blood pressure monitoring is more accurate for detecting higher pressure levels in microalbuminuric insulindependent diabetic patients compared with normoalbuminuric patients than the casual measure of blood pressure 7 . In a study 9 comprising 38 insulin-dependent diabetic patients during ambulatory blood pressure monitoring, a higher blood pressure in 24 hours and at night was obtained in the microalbuminuric patients. In another study 8 comprising 68 insulin-dependent diabetic patients during ambulatory blood pressure monitoring, higher systolic and diastolic blood pressure were also obtained in microalbuminuric patients during the 24-hour, daily and nocturnal periods. Our study showed in microalbuminuric insulin-dependent diabetic patients a higher mean pressure level in 24 hours, at wakefulness and during sleep as compared with normoalbuminuric patients, being, therefore, in accordance with the literature [7] [8] [9] . It is agreed that normotensive microalbuminuric insulin-dependent diabetic patients have higher pressure levels during sleep as compared with normoalbuminuric patients during ambulatory blood pressure monitoring, mainly in regard to systolic blood pressure. Some studies have also shown this relation for the period of 24 hours, but the results are controversial when the blood pressure at wakefulness is analyzed. This controversy in findings may be due to the difficulty in characterizing whether the periods of sleep and wakefulness adopted in a fixed way actually corresponded to those of the patients. Another cause of controversy may be the differences in the protocol used for defining the periods of sleep and wakefulness and also the number of measurements in each period 20 . Other factors related to the population studied, such as age, duration of illness, degree of glomerular involvement, and degree of autonomic impairment should play an important role.
The pressure load obtained with ambulatory blood pressure monitoring has a strong relation with the involvement of the target organ by arterial hypertension, and a positive correlation is described between the pressure load and the left ventricular mass 15 . The occurrence of a greater pressure load in normotensive insulin-dependent diabetic patients was first reported in 1990 21 . The association of an increased pressure load with microalbuminuria in the insulindependent diabetic patient was initially reported in 1992 8, 9 . Hansen et al 8 found a higher pressure load during wakefulness in microalbuminuric insulin-dependent diabetic patients as compared with that of normoalbuminuric patients. In another study 9 , a higher pressure load in 24 hours, during wakefulness and during sleep was observed in microalbuminuric insulin-dependent diabetic patients.
In our study, we observed a higher pressure load in 24 hours, during wakefulness and during sleep when comparing microalbuminuric diabetic patients with normoalbuminuric diabetic patients. In addition, we found a correlation between pressure load and urinary excretion of albumin. These findings suggest that the presence of microalbuminuria is strongly related to the increase in pressure load. The association of a systolic pressure load >50% and a diastolic pressure load >30% during sleep with microalbuminuria is an interesting finding and deserves further study with a larger case series to define its predictive value in regard to nephropathy.
The association of autonomic neuropathy and diabetic nephropathy is highly prevalent 22, 23 . Even though we have found in absolute figures a lower drop in the systolic and diastolic blood pressures in microalbuminuric diabetic patients as compared with that in normoalbuminuric diabetic patients, unlike other authors 9, 24 , we have found no significant difference, which could be attributed to the clinical characteristics of the diabetic group studied and also to the small size of the sample, which could induce statistical errors of the beta type (2) .
Other authors, however, have found results similar to those of our study. During the evaluation of 33 insulin-dependent diabetic patients, a greater mean pressure level was observed in the microalbuminuric subgroup; the sleep/ wakefulness variation in blood pressure, however, did not differ among the subgroups 25 . In the same way, Cesarini et al 26 observed a lower drop in mean blood pressure at night in insulin-dependent diabetic patients, but they did not differentiate the pressure circadian rhythm of the diabetic patients in regard to the presence of microalbuminuria.
The presence of a higher heart rate during sleep in microalbuminuric diabetic patients emphasized in our study has already been observed and related to a concomitant dysautonomia 7, 24 . Assessing the autonomic function, however, would require more sensitive methods such as the spectral analysis of power by Holter monitoring.
Diabetic nephropathy is an important cause of chronic renal failure. Therefore, early diagnostic methods for detecting renal involvement in diabetes mellitus are extremely valuable for this population. Determining microalbuminuria represents a great development in this regard, and ambulatory blood pressure monitoring is another tool for assessing insulin-dependent diabetic patients, because it shows higher pressure means and loads in microalbuminuric diabetic patients.
Our study has some limitations because it is a crosssectional study assessing a small number of patients. We believe a prospective study is necessary to better define the value of the alterations found during ambulatory blood pressure monitoring in the progression of cardiovascular and renal complications in microalbuminuric insulin-dependent diabetic patients.
